In this paper, a May cooperative system with feedback controls is proposed and studied. The dynamic behaviors of the system are discussed by using the Lyapunov function method. If b i = 0, i = 1, 2, we show that feedback control variables have no influence on the global stability of the unique positive equilibrium of the system, which means that feedback control variables only change the position of the positive equilibrium and retain its global stability property. If b i = 0, i = 1, 2, we can make the system which has a unique globally stable equilibrium or has unboundedly large solutions become globally stable. Some examples are given to illustrate the feasibility of the main results.
Introduction
May [] suggested the following set of equations to describe a pair of mutualists: 
If the amount of mutualistic interaction satisfies αβ ≥ , (.) then system (.) will 'run away', with both populations growing unboundedly large. So May brought the density restriction to the system and proposed the following system []: On the other hand, in the real world, ecosystems are continuously disturbed by the unpredictable force. It is mostly humans' interference. Furthermore human production activities is an important reason of species extinction [, ]. In some situations, one may wish to retain its stability. This is the significance in the control procedure of ecology balance. Therefore, scholars introduced the feedback control variables to the system. The dynamic behaviors of the Lotka-Volterra cooperative system with feedback controls have been discussed extensively; see [-] . In [], Chen et al. first proposed the nonautonomous n-species cooperation system with continuous delays and feedback controls as follows:
where x i (t), i = , . . . , n are the densities of the cooperation species X i . u i (t), i = , . . . , n are the feedback control variables. They obtained a set of complicated sufficient conditions to guarantee the permanence and global attractivity of the system. Recently, by applying a new integral inequality, Chen and Xie [] showed that in the above system, the feedback control variables have no influence on the persistent property of system (.). With regard to an autonomous system, since , Gopalsamy and Weng [] introduced feedback control variables into a two species competition system as follows:
(.)
They obtained sufficient conditions to guarantee the existence of a globally attracting positive equilibrium of the system with feedback controls. Chen and Chen [] discussed the global stability of a unique interior equilibrium for a Leslie-Gower predator-prey model with feedback controls:
They showed that under the assumption a  b  ≥ a  r  , the unique interior equilibrium of system (.) is globally stable. However, the authors invoked numerical calculations to found that the unique interior equilibrium of system (.) is globally stable also under the condition that a  b  < a  r  holds. So the condition a  b  ≥ a  r  is unnecessary for the globally stable property of system (.). This is a question to be studied in the future. Recently, Li et al. [] proposed and studied the following competitive system with feedback controls:
where
, denote the densities of the populations x i (t). u i (t), i = , , denote feedback control variables. They showed that if the Lotka-Volterra competitive system is globally stable, the feedback control variables had no influence on the global stability of the system (.). If the Lotka-Volterra competitive system is showing extinction, they can make the extinct species become globally stable or still keep the property of extinction. They showed that the feedback control variables play an important role on the dynamic behavior of the system (.). It brings to our attention that in systems (.) and (.), we may ask: how do feedback control variables affect the global stability of the May cooperative system? To find an answer to this question, we consider a May cooperative system with feedback controls as follows:
, are the densities of the species at time t. u i (t), i = , , denote feedback control variables. System (.) satisfies the initial values
Obviously, the solutions of system (.) with initial values (.) are positive for all t ≥ . The rest of the paper is organized as follows. We will state and prove the main results in next section. In Section , numerical simulations are presented to illustrate our results. We end this work by a brief conclusion.
Main results

Lemma . System (.) admits a unique positive equilibrium P(x
By the third and the fourth equations of (.), we have u i = e i x i η i , i = , . Substituting them into the first and the second equations of (.), respectively, we have
where 
Lemma . [] If A is an M matrix, then there exists a positive diagonal matrix D
= diag(d  , d  , . . . , d n ), d i > , i = , . . . , n, such that matrix B =   (DA + A T D) is positive definite.
Theorem . The unique positive equilibrium P(x
Proof Now let us construct a Lyapunov function
where β i , i = , . . . ,  are positively undetermined coefficients. Calculating the upper right derivative of V (t) along the solution of system (.), we have
we take β i+ = β i r i c i e i
, i = , , then
Note first that the off-diagonal elements of the matrix G are a  and a  , which are negative. Furthermore, by simple algebraic computation, the two order principal minors of the matrix G are
From Definition ., it follows that G is an M matrix; according to Lemma ., there exists a
is positive definite. So Next we consider the dynamic behaviors of system (.) incorporate feedback control variables, in system (.), set b i = , i = , , and we have
Lemma . System (.) admits a unique equilibrium P  (x  , x  , u  , u  ).
Proof Obviously, P  (x  , x  , u  , u  ) satisfies the following equations:
After simple algebraic computations, we have
,
we see that (.) admits a unique positive solution x  . Similar to the analysis of Lemma ., system (.) admits a unique positive equilibrium P  (x  , x  , u  , u  ).
Theorem . The unique positive equilibrium P
Proof The proof of Theorem . is similar to that of Theorem ., and we omit the details here.
Examples
The following three examples show the feasibility of our main results.
Example . Consider the following equations:
By calculation, there exists a unique positive equilibrium of system (.), which is globally stable. Figure  shows the dynamic behavior of system (.). Example . Now let us further incorporate the feedback control variables to system (.) and consider the following system:
From Theorem ., the positive equilibrium of system (.) is globally stable. Figure  shows the dynamic behavior of system (.).
Example . Consider the following equations:
From Theorem ., there exists a unique positive equilibrium of system (.), which is globally stable. Figure  shows the dynamic behavior of system (.).
Conclusion
In this paper, we propose and study May cooperative system with feedback controls. In Theorem ., by constructing a suitable Lyapunov function, we show that feedback control variables have no influence on the global stability of the system. Our result improve the corresponding result of Chen et al. [] . In [], Chen and Chen have a conjecture that the condition a  b  ≥ a  r  is not needed to ensure the global stability of the unique interior equilibrium. In this paper, corresponding to a May cooperative system, we give a strict proof of an affirmative answer which is without any conditions. Compared with Chen et al. [, ] , the authors showed that the feedback control variables have no influence on the permanence of the cooperation system. We have a further insight. System (.) shows that  ≤ αβ = , which implies condition (.) holds, that is, both populations are growing unboundedly large. However, Figure  and Theorem . show that the unique positive equilibrium is globally stable, which implies the feedback control variables which make both populations growing unboundedly large now become globally stable.
